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ABSTRACT 

Experimental  flexural  behavior  of  ferrocement  slab  and  RCC  slab  was  studied.  Fourteen  slab  panels  were  casted 
and  tested  for  gradual  loading.  The  first  cracking  load  and  collapse  load  along  with  the  deflections  were  measured  during 
the  test  for  every  increment  of  gradual  load.  It  was  found  that  the  first  cracking  load  depends  upon  the  specific  surface  of 
the  reinforcement.  Also  the  behavior  of  ferrocement  slab  found  to  be  more  ductile  as  compared  to  RCC  slab  designed  for 
same  moment  of  resistance.  The  theoretical  moment  of  resistance  by  using  IS  method  and  Hongestad's  method  were  found 
and  the  results  were  compared  with  RCC  slab.  The  efficiency  ratios  at  cracking  and  collapse  were  found.  The  flexural 
behavior  of  ferrocement  slabs  were  found  superior  to  RCC  slab. 
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INTRODUCTION 
General 

Concrete  has  been  accepted  as  a  material  of  structural  construction.  However,  it  has  two  main  disadvantages  Viz., 
low  tensile  strength  and  poor  ductility.  These  difficulties  have  been  overcome  by  providing  steel  in  tension  zone,  such 
concrete  being  called  reinforced  concrete.  Minimum  cover  and  minimum  thickness  requirement  of  reinforced  concrete 
structures  results  in  high  self  weight.  Thereby  most  of  the  load  carrying  capacity  of  reinforced  concrete  section  goes  to 
resist  the  effect  of  the  self-weight  of  the  member  itself.  Steel  provided  in  tension  zone  (for  low  percentage)  and 
compression  zones  of  concrete  improve  strength  and  ductility.  The  beneficial  influence  of  large  deformable  capacity  of 
steel  is  on  concrete  totally.  Hence,  reinforced  concrete  is  treated  as  one  phase  material.  The  assumption  made  in  the  design 
of  reinforced  concrete  section  that  perfect  bond  exists  between  concrete  and  steel  is  very  realistic.  The  concrete 
surrounding  the  steel  deform  under  the  load.  When  compared  to  concrete,  steel  can  undergo  large  strains.  Hence  concrete 
in  the  immediate  neighborhood  of  steel  can  also  undergo  large  strains  due  to  bond  between  steel  and  concrete.  If  the 
reinforcement  is  subdivided  and  distributed  evenly,  especially  small  diameter  bars  at  closer  spacing  the  deformation 
characteristics  of  the  reinforced  concrete  section  can  be  improved  significantly.  The  basic  idea,  that  concrete  can  undergo 
large  strains  in  the  neighborhood  of  the  reinforcement  and  the  magnitude  of  the  strains  depends  on  the  distribution  and 
subdivision  of  the  reinforcement  throughout  the  mass  of  the  concrete,  led  to  the  evolution  of  new  versatile  form  of 
reinforced  concrete  called  'ferrocement'. 

Two  Phase  Material 

The  structural  behavior  of  ferrocement  is  different  from  conventional  reinforced  concrete.  The  dispersion  of  small 
diameter  steel  wires  closely  and  uniformly  in  the  entire  volume  of  the  ferrocement  element  improves  many  engineering 
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properties  like  impact  resistance,  fatigue  resistance,  tensile  strength,  toughness  and  flexural  strength.  In  ferrocement,  there 
is  a  combined  action  of  steel  and  mortar  in  tension  zone  even  after  cracking.  Thereby,  the  tensile  strength  of  mortar  is 
improved  due  to  close  spacing  of  wires.  The  presence  of  steel  phase  improves  the  deformation  characteristics  of  other 
phase  i.e.  mortar.  Thus,  ferrocement  is  defined  as  a  two  phase  composite  material,  the  steel  phase  acting  as  the 
reinforcement  phase  and  mortar  phase  as  the  matrix. 

Definition 

American  concrete  institute  committee  defines  ferrocement  as  "a  type  of  thin  wall  reinforced  concrete 
construction  where  in  usually  hydraulic  cement  is  reinforced  with  layers  of  continuous  and  relatively  small  diameter  mesh. 
The  mesh  may  be  made  of  metallic  material  or  other  suitable  material." 

Technology 

Ferrocement  construction  requires  less  skilled  personnel  and  can  be  constructed  on  self-help  basis.  Hence  it  has 
gained  popularity  throughout  the  world.  The  wire  meshes  are  usually  0.5  mm  tO  1mm  in  diameter  and  spaced  at  5mm  to 
25mm  apart  and  volume  of  mesh  ranges  1%  to  8%  of  the  total  volume  of  the  structural  element.  The  thickness  of 
ferrocement  section  varies  from  10mm  to  40  mm.  The  cover  to  the  outermost  layer  of  wires  is  usually  1.5  mm  tO  2  mm. 
The  cement  mortar  consists  of  ordinary  Portland  cement,  water  and  fine  aggregate,  generally  below  5mm  to  7  mm  in  size  is 
often  around  2mm  in  order  to  permit  a  more  closely  spaced  mesh. 

Cracking 

Mechanism  of  crack  formation  in  ferrocement  can  be  explained  in  a  way  similar  to  the  explanation  given  in  the 
case  of  reinforced  concrete,  namely  that  based  on  bond-slip  hypothesis.  When  a  feroocement  element  is  subjected  to 
uniaxial  tension,  primary  cracks  form  at  random  critical  sections  where  the  tensile  stress  in  the  mortar  exceeds  the  tensile 
strength.  At  these  cracks,  bond  is  broken,  a  slip  occurs  between  wires  and  mortar  and  all  the  load  is  taken  by  wires  only. 
In  between  these  cracks,  tensile  stresses  exist  in  the  mortar  and  as  it  stresses  along  the  fibers,  bond  stresses  are  also  present. 
With  the  increase  of  the  further  load,  sections,  which  carry  highest  tensile  strength,  crack,  when  the  stresses  exceed  the 
tensile  strength  of  the  mortar  and  thus,  new  cracks  are  formed.  This  process  continues  till  the  spacing  of  the  cracks 
becomes  sufficiently  small,  so  that  the  maximum  tensile  stresses  in  the  mortar  between  the  already  formed  cracks  are  just 
equal  to  or  less  than  the  tensile  strength.  At  this  stage,  the  number  of  cracks  that  formed  have  stabilized,  no  more  new 
cracks  form  with  further  increase  of  load  and  spacing  of  cracks  has  reached  its  smallest  value  possible. 

Applications 

The  confidence  in  the  behavior  of  the  material  has  increased  with  wide  range  of  applications.  Though  the  material 
properties  are  not  fully  investigated,  its  applications  are  increasing  to  a  great  extent.  Many  marine  structures  were 
constructed  with  ferrocement  and  it  is  finding  place  in  terrestrial  structures  also  in  recent  years.  Ferrocement  initially 
gained  popularity  with  the  construction  of  small  boats.  Almost  during  the  same  period  corrugated  sheets  made  of 
ferrocement  were  used  as  roof  element  in  place  of  conventional  asbestos  sheet  in  Sri -Lanka  which  are  25%  economical  that 
the  conventional  one.  Also  it  facilitates  repair  of  damaged  zones  simply  by  plastering.  It  is  also  used  for  complex  curve 
units,  curved  panels,  shells  or  domes,  septic  tanks,  tanks  for  storage  of  water,  oil  or  grains,  fishing  boats,  small  vessels, 
roof  or  wall  panels  for  low  cost  housing,  bio-gas  holders  ,sewersand  pipes  etc. 
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It  is  thus  seen  that,  on  account  of  favorable  properties  of  ferrocement  number  of  interesting  fields  of  application 
have  been  opened  up,  where  strength,  durability,  water  tightness,  ductility  and  economy  are  of  prime  importance. 

FLEXURAL  BEHAVIOR  OF  FERROCEMENT  SLAB  UNDER  GRADUAL  LOADING 

The  flexural  behavior  of  ferrocement,  due  to  its  composite  nature,  is  different  from  that  of  reinforced  concrete. 
Analytical  methods  were  attempted  to  estimate  the  moment  carrying  capacity  of  ferrocement  in  flexure  based  on  the 
experimental  investigations. 

The  general  conclusion  of  various  authors1'2'3'  is  that  the  crack  spacing  decreased  with  increase  in  specific  surface 
of  reinforcement.  Surya  kumaret  al. Reported  that  ultimate  strength  and  strength  at  first  crack  varied  linearly  with 
percentage  of  reinforcement. Desaiy2reported  that  mesh  mortal  parameter  influences  the  flexural  strength  of  the 
ferrocement.  Logen  and  shah  reported  that  moment  at  first  crack  varied  linearly  with  specific  surface  of  the  reinforcement. 
All  these  investigators  had  adopted  reinforced  concrete  theory  for  analysis  of  ferrocement  in  flexure.  The  value  of  moment 
of  resistance,  calculated  by  reinforced  concrete  theory,  usually  underestimated  the  experimental  moment.  Balguru1 
conducted  experimental  and  analytical  investigations  on  ferrocement  slabs. 

The  basic  mechanism  of  flexure  of  mortar  and  concrete  under  load  is  the  initiation  and  propagation  of  small 
cracks  and  flaws,  which  extend  and  interconnect  until  the  whole  internal  structure,  was  completely  disputed.  Suryakumar6 
reported  that  the  modulus  of  elasticity  in  bending  increased  linearly  with  increase  in  steel  content.  Also,  they  reported  that 
ferrocement  with  conventional  reinforcement  along  with  meshes  exhibits  superior  strength  and  deformability 
characteristics.  Welded  wire  mesh  is  superior  from  strength  point  of  view  compared  to  other  meshes.  Basubal  reported  that 
the  presence  of  continuous  wire  mesh  reinforcement  sharply  increased  the  load  capacity  of  the  panel  and  improved 
ductility.  Trikha  studied  the  orientation  and  effect  of  arrangement  of  hexagonal  mesh  on  the  behavior  of  two  way 
ferrocement  slab  to  determine  most  efficient  arrangement  of  mesh  layers  for  ferrocement  composites.  As  a  result,  he  stated 
that  arrangement  consisting  of  twin  layers  with  two  meshes  orthogonally  oriented  and  placed  in  contact  is  superior  to  the 
other  two  arrangements  consisting  of  unidirectional  oriented  or  alternate  layers  equally  spaced  with  orthogonal  oriented 
meshes.  Kotadwala  reported  that  the  hexagonal  meshes  were  found  less  efficient  as  compared  to  square  meshes  for 
constant  mesh-mortar  parameters.  Kaushik  reported  that  size  and  specific  surface  of  mesh  reinforcement  significantly 
affect  the  average  crack  spacing  at  ultimate  load. 

EXPERIMENTATION 

In  this  study  the  attempt  is  made  to  cast  total  twelve  number  of  ferrocement  slabs  of  size  0.9m  x  2m  having 
thickness  50mm.  and  also  two  RCC  slabs  are  casted.  Both  ferrocement  and  RCC  slabs  are  tested  manually  by  using  sand 
bags  to  overcome  the  problem  of  disbelief  of  people  because  of  which  ferrocement  did  not  lead  to  use  in  terrestrial 
structures. 

General 

The  cement  sand  mortar  of  mix  proportion  (1:2)  by  weight  and  water  cement  ratio  was  kept  constant  for  all  tests. 
Ordinary  Portland  cement  was  used  as  per  IS  269-  1976  and  clean  river  sand  having  fineness  modulus  1.52  was  used  to 
cast  the  ferrocement  slabs.  The  three  types  of  welded  wire  meshes  having  size  25.4  mm  X25.4  mm,  50.8  mm  X  50.8  mm 
and  25.4mm  X  76.2  mm  were  used  to  cast  the  ferrocement  slabs. 
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Casting 

Ferrocement  slab  panels  were  casted  on  leveled  and  non-absorbent  floor.  To  make  panels  of  required  dimensions 
rolled  steel  angle  sections  of  50mm  X  50  mm  X  8  mm  were  used.  For  casting  of  slab  panels,  the  required  number  of 
meshes  were  cut  from  the  bundle  and  kept  ready  for  use  with  6  mm  spacer  bars.  1:2  cement  sand  mortar  was  then  placed  in 
the  slab  mould  up  to  a  depth  of  approximately  6  mm,  which  was  the  required  cover  to  the  reinforcement.  The  first  layer  of 
reinforcing  mesh  was  then  placed  over  the  compacted  mortar  and  then  over  this  the  remaining  layers  of  mesh  with  spacer 
bars  tied  at  bottom  were  placed.  The  slab  mould  was  filled  with  mortar  to  the  full  depth  of  5  cm.  the  mortar  was  well 
compacted  by  beating  it  with  heavy  block  and  the  surface  was  smoothened  by  using  planes  and  a  long  wooden  strip. 
All  specimens  were  moist  cured  by  covering  them  with  wet  gunny  bags  for  ten  days  and  later  on  they  were  shifted  to  the 
curing  pond. 

Testing 

After  twenty  eight  days  curing  the  slab  panels  were  white  washed  to  obtain  the  clear  picture  of  cracks  under 
different  stages  of  loading.  The  slab  panels  were  tested  under  gradual  uniformly  distributed  loading  by  using  sand  bags 
over  a  simply  supported  span  of  1.8  m.  Dial  gauges  were  used  to  measure  the  deflections  at  center  and  L/6  from  either  end. 
The  load  was  applied  gradually  and  for  every  increment  of  load  the  dial  gauge  readings  were  recorded.  And  the  cracks 
were  observed  with  the  help  of  magnifying  glass.  The  first  cracking  load  and  ultimate  load  were  recorded.  The  slab  panels 
were  tested  till  collapse.  (Photograph-  note-  The  slab  panels  broken  in  to  two  pieces  were  also  used  for  loading  purpose.) 

The  same  procedure  was  adopted  for  casting  and  testing  of  RCC  slab  panels. 


Figure  1 


RESULTS 


Table  1 
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DISCUSSIONS  AND  CONCLUSIONS 

The  cracking  load  strongly  depends  on  the  specific  surface  of  the  reinforcement,  volume  of  fraction.  The  square 
meshes  found  superior  than  the  rectangular  meshes  having  same  percentage  of  reinforcement  along  the  longitudinal 
direction  or  span  direction.  The  first  cracking  load  also  depends  on  the  percentage  of  reinforcement  in  perpendicular  to 
span  direction. 

A  very  large  number  of  fine  and  narrowly  and  uniformly  spaced  cracks  were  observed  in  ferrocement  slabs, 
whereas  the  numbers  of  cracks  observed  in  RCC  slabs  are  less  but  the  width  if  cracks  were  wide  as  compared  to 
ferrocement  slab.  In  ferrocement  cracks  showed  the  tendency  to  close  after  the  load  was  removed.  Also,  even  at  failure 
load,  closing  of  cracks  and  recovery  of  deflection  were  noticed  in  case  of  ferrocement  slabs.  Thus  wire  meshes  acted  as 
crack  arrestors  and  also  introduced  ductility  in  slab  panel.  In  order  to  compare  the  test  results  with  theoretical  results, 
ultimate  load  was  calculated  by  using  the  method  developed  by  Hogenstad.  And  limit  state  method.  When  the  test  results 
offerrocement  were  compared  it  was  found  that  the  first  cracking  load  of  ferrocement  was  more  by  1 .7  times  than  the  RCC 
slab.  Load  corresponding  to  the  deflection  of  span/250  in  ferrocement  slab  is  1.2  times  more  than  RCC  slab.  The  behavior 
of  ferrocement  slab  was  observed  more  ductile  as  compared  to  RCC  slab.  The  efficiency  ratio  of  ferrocement  slab  was 
more  by  2.36  and  1.221  times  at  first  cracking  and  at  collapse  respectively. 
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